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DIGESTIBLE NUTRIENTS AND METABOLIZABLE 
ENERGY IN RUSSIAN-THISTLE HAYS AND SILAGES'! 


By F. W. Curistensen, animal nutritionist, T. H. Hopper, formerly agricultural 
chemist, and O. A. STEVENS, associate botanist, North Dakota Agricultural Ezx- 


periment Station ? 
INTRODUCTION 


For many years the Russian-thistle (Salsola kali L.) has been used 
as a feed for carrying livestock through the winter in the Great Plains 
area when little or no other forage was available. The dry years of 
1934 and 1936 focused attention on this plant and emphasized the 
need of further information regarding its digestibility and usefulness 
as a feed. Since no determinations of digestibility were then avail- 
able, this series of studies was undertaken. Later it was learned that 
digestion trials with cattle had been made by Cave, Riddell, and 
Hughes (5).3 

THE RUSSIAN-THISTLE PLANT 
DESCRIPTION 


The compact, rounded form of the Russian-thistle plant is well 
known, but there is sometimes confusion in statements about the 
leaves becoming ‘‘spiny.”’ The early leaves are as much as 2 or 3 
inches long and are round in cross section. By the first of July, plants 
in the open may have reached a height of 1 to 1% feet and are a mass 
of fleshy leaves, mostly with soft stems. About the middle of July 
the flowers begin to appear, and by the end of the month the plants 
are in full bloom. The plants continue to grow, the stems elongating 
and producing new branches and flowers until frost. 

The leaves on the upper branches are not so long as those on the 
lower branches, and become shorter and shorter toward the ends of 
the branches. Flowers are borne singly at the nodes, each one just 
above the base of a leaf. Each flower is accompanied by two bracts, 
short, somewhat triangular, spine-tipped leaves about one-fourth of 
an inch long. On the upper branches the leaves themselves are re- 
duced to the size of these bracts. On the lower stems the nodes may 
be as much as an inch apart, but toward the top of the plant they grow 


1 Received for publication July 7, 1947. 

2 The authors acknowledge their indebtedness to T. E. Stoa, agronomist, and 
L. M. Roderick, formerly animal pathologist, of this station, for assistance in 
carrying out this project; to L. L. Nesbitt and A. J. Pinckney for assistance in 
making chemical analyses; to James C. Anderson for feeding and caring for the 
animals; and to Noble Sanders for providing the Russian-thistles used in 1936. 
This project was made possible through the cooperation of the Works Progress 
Administration, Project No. 465-73-3-33, and this support is gratefully acknowl- 

ed. 


3 Reference is made by number (italic) to Literature Cited, p. 92. 
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closer and closer together, so that the last few inches of each branch is 
crowded with ‘‘seeds,’”’ each one protected by the stem on one side 
and by the three spines on the other. The true leaves never have 
more than a very small spine, and a large proportion of them dry up 
or are eaten by insects. 

The characteristic appearance of the upper branches with thick-set 
spines and winged fruits is not apparent until late August. In the 
lower, shaded part of the plant, the branches remain more leafy and 
succulent, so that large, old plants are by no means all hard and spiny. 

The foregoing description is of plants growing in the open from 
seeds that germinate early in the spring. Those developing from 
seeds that germinate later in the season and from plants more or less 
shaded by other plants would be retarded in their development or 
would be Seraadly modified. The chief difference probably would 
be in the size of the plant. ; 

The Russian-thistle is especially well adapted to the dry plains 
region because of its.ability to grow under dry conditions and to 
distribute its seeds when the mature plants are broken off and blown 
by the wind over the open country. Briggs and Shantz (3) found 
at Akron, Colo., that 336 pounds of water was used by the Russian- 
thistle in producing 1 pound of dry material. This is less than the 
quantity used by most other species, either weeds or crop plants, 
and much less than that used by wheat or flax. Dillman (8) obtained 
a still lower figure of 224 pounds at Mandan, N. Dak. 

It is a matter of common observation that the Russian-thistle 
thrives during a dry season when most species make very poor growth. 
In 1934, when crop failure from drought was general in North Dakota, 
fields were covered with Russian-thistles, and they were common in 
the Red River Valley in the eastern part of the State where they are 
usually restricted to dry banks. In 1941, when moisture was more 
atnindents Russian thistles were remarkably inconspicuous. For a 
fuller account of this plant, see Stevens (14). 


CHEMICAL COMPOSITION 


As a part of this investigation, samples of Russian-thistle were 
collected from different parts of the State and at different stages of 
growth. ‘Two series were secured from different soil types in the same 
general region at successive dates in 1936. The analyses of these 
samples are presented in table 1. 

To facilitate comparison the data are calculated to a uniform water 
content of 15 percent. Wide variations in composition are noted. 
The ash varies from 12.07 percent to 24.36 percent and the protein 
(N X6.25) from 7.93 percent to 20.84 percent. The crude fiber varies 
from 11.16 percent in young succulent plants to 26.21 percent in a 
sample collected at Fargo, September 3, 1936. The nitrogen-free 
extract varies from 26.95 to 39.31 percent, and the ether extract 
varies from 1.18 to 2.00 percent. 

It is interesting to note, particularly in the Fargo and Leonard 
samples, that the ash is highest in the young, tender plants and lowest 
in the more mature plants. This is also noticeable to some extent 
in the analyses of other samples. Similarly, protein tends to be higher 
in the young plants and lower in the older ones. However, other 
factors such as season, rainfall, and soil, undoubtedly have an impor- 












— oS ae 


oc we CT 


Dy 
in 
re 
re 


re 
of 
ne 
se 


er 
d. 
in 
eS 


"ee 
ict 


ird 
est 
ont 
1er 
her 
or- 





Feb.1,15,1948 Energy in Russian-T histle Hays and Silages 75 





TABLE 1.—Chemical composition of Russian-thistles collected in North Dakota in 
1984, 1935, and 1936 
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b.12|°s| 8] § 

Source of Description of sample or ‘- a = 
sample Date collected] site from which collected 8 i gs 3 25 & Z 

a wn E . =| a 

Ee |< 10 el | he 

Per- | Per- | Per- | Per- | Per- 

cent | cent | cent | cent | cent 
Mapleton.---_- July 23,1934 | 2 feet high................- y . 74) 8, 80] 23. 54) 35.65) 1.27) 0.136 
Bedford --. yi Poems do........| 18 inches high....-........ . 3.33) 9.78) 24: 57) 36.14) 1.18) .107 
Page .|----.do___....-| 8-10 inches high. -- -.| 15.00 15. 38) 14.98] 37.19) 1.44) .149 
Barrie .| Aug. 3, 1934 | 12-18 inches high_ --- 7. 4 7.93) 24.25) 39.31) 1.24) .218 
Mott__- _| July 11,1935 | Suceulent.--.....-.. af 1 § 48.11} 11.16} 29.38) 1.99)..____ 
. ive. .--do........| 6inches; crowded. ........ 15. 00) 18.90) 17.48) 15.38) 32.06) 1.18)__..- . 
New England} Aug. 5,1935 | Field; rank_-...-__---...-- 15. 00) 16. 30). 11. 17} 19.33] 36.58) 1. 62]__...- 
1+ ie Ree 00; 6353423) FAS embeths a ss ce 15, 00) 20.37) 16,12) 14, 98) 32.25) 1.28).___.- 
Fargo. ........ Sept. 13,1935 | Compost heap-_--.---.-.-- 15.00} 15. 61) 14,12) 22.98) 30.78) 1. 53}_..... 
Do...-.---- ~1 00i52! 53) Baibteas@). ic. 15.00} 12.41) 13. 85} 24.95) 32.20) 1.59)__.__. 
a, ee pe June 16,1936 | 6-S inches high.._.......-- 15.00) 24.30) 17.46} 11.53) 30.07) 1. 64|....-- 
Do.1._._...| July 1, 1936 | 10-12inches, first flowers__} 15.00} 22.09) 20.15) 12.74] 28.02} 2.00).._..- 
Do.!___....| July 16,1936 | 12-18 inches high__..._-._- 15.00} 18.90) 19.44) 14.72) 30.23) 1. 71)...... 
Do.! BN OO bcawicca cyiceoenheuwsnwalwonn 15. 00} 18.40) 17. 86} 15.16) 31.97) 1, 61)...... 
Do.!. ac i EG RRR RS ae sees Mains: 15. 00} 18. 89) 17.77} 16,95} 29.80) 1.59)_____- 
TOO och te Ui, GUD Pek soe nck ug tease loa 15.00) 14.07) 13.54) 26.21) 29.38} 1.80).__._. 
Leonard 2...) Jn 1B UO | octane 0 bg esx nes - <tep eee ac 1h, 00) 18.41) 20, 84) 17.06) 26.95) 1.74)..._._ 
SES ctl OE, SE EEE Eo down i ncancesutccucsbenncees 15. 00) 18. 90} 19.44) 14.72) 30.23) 1. 71)-_.-.-- 
NS ER ey Eh a ee ae eee 15. 00} 13.99) 13.71) 21.68) 34.31) 1.31)--..-- 
SOAS Sci. RS STOR sn a 8 ee 15. 00) 14. 54) 14.72) 22.84) 31.27] 1. 63)__.__- 




















1 This series from the same location along a dirt road. 

2 From very sandy soil, but not identical locatiens, 
tant effect on the protein content. For instance, one of the four 
samples collected in 1934 compared favorably in protein with those 
collected in 1935 and 1936, but the other three had decidedly less. 
Crude fiber was lowest in the young, tender plants and highest in 
the more mature ones. No definite relationship between the ether 
extract or nitrogen-free extract and the maturity of the plant was 
apparent. 

In the samples of 1934 the sample from Barrie contained approxi- 
mately twice as much phosphorus as the sample from Bedford. 

Analyses of stems and leaves were made on one sample cut July 1, 
1936, and of stems, leaves, and flowering tips on a sample cut july 
15, 1936. From the data obtained (table 2) it is clear that the stems 


TABLE 2.—Chemical composition of stems, leaves, and floral tips of Russian thistles 
collected in North Dakota, 1936 





Date Crude | Crude | N-free | Ether 
collected Description of sample Water | Ash | rotein| fiber | extract | extract 





Percent | Percent | Percent | Percent | Percent| Percent 
1.68 


SRY. T4008) Reema oo oon) ee nce ceness 15.00 | 17.75} 12.44 | 19.87 33. 26 
Do.__...- ee ha 5 an Re ener Fae ME En Do py 15.00 | 20,51 | 21.78 7.68 32.45} 2. 58 

July 15,1936 | Stems.._............--.-.--.--.------- 15.00 | 11.97 7.51 | 29.12 35.23) 1.17 
Ph NOSE i: ES ASOD. £99 4 Be £5 5 15.00 | 23.09] 13.60 |’ 8.92 36.69) 2.70 
Do...-..-. PCR BRIE 5 hacer <perpamsin sire etek 15.00 | 16.70 | 23.15 9.34 34,07) 1.74 


























were decidedly~lower in ash, protein, and ether extract than the 
leaves and much higher in crude fiber. The nitrogen-free extract 
was nearly the same in the stems and leaves. The flowering tips 
contained 23.15 percent protein, which is higher than that in either 
stems or leaves. This table shows considerable variation in the 
composition of different parts of the plant and helps to explain 
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differences in lots of hay cut at different stages of maturity and in 
different places. 


EXPERIMENTAL PROCEDURE 


ANIMALS 


Wether lambs from the experiment station flock were used in these 
trials. A new group of 12 wethers was used each year. The indi- 
vidual wethers are identified by the letters, A, B, C, etc., followed by 
a numeral, thus: A-36, A-37, etc. 


COLLECTION OF EXCRETA 


A set of 12 portable metabolism stalls, or cages, with heavy screen 
floors and drain pans for collecting the urine were built for these trials. 
The cages were large enough to permit the animals considerable 
freedom in getting up and down, but not large enough to permit them 
to turn about. The feces were collected in bags made from ordinary 
duck, lined with hospital rubber sheeting. The bags were held in 
place with a light harness. 


WEIGHING AND SAMPLING OF FEEDS AND EXCRETA 


Each portion of the ration was weighed to the nearest gram morning 
and night. At each weighing a definite portion was set aside to make 
the composite sample that would be used for chemical analysis at the 
end of the 10-day metabolism trial. In those trials in which silages 
were fed definite amounts of the silage were weighed and dried daily 
and composited at the end of the trial for the chemical sample. The 
24-hour collections of feces and urine were accurately weighed. The 
total feces were air-dried in a bulk-sample drier (9) and sampled for 
analysis after grinding. When dried in the bulk-sample drier there 
was no appreciable loss of nitrogen. Aliquots of the fresh urine 
samples were composited daily for analysis at the end of the trial. 
The composite urine samples were preserved by the addition of toluene 
and storage in a refrigerator. 


METHODS OF CHEMICAL ANALYSIS 


The chemical analyses of feeds, feed residues, and feces were made 
by the official methods of the Association of Official Agricultural 
Chemists (2). For the determination of the mineral constituents in 
the urine, the samples were wet-ashed with nitric acid. Before taking 
the digestions to dryness the excess nitric acid was removed by ad- 
dition of hydrochloric acid. The micro method was used for the 
determination of calcium. Before precipitation of the magnesium as 
magnesium ammonium phosphate, the calcium was removed as sul- 
fate in alcohol. The term “protein” as used in this publication 
means the nitrogen times the factor 6.25. 

The energy values of the feeds and excreta were determined with a 
Parr adiabatic oxygen-bomb calorimeter. Before combustion the 
urine was dried over sulfuric acid in vacuum desiecators and the 
caloric values were corrected for nitrogen lost on drying. As the 
urine had low caloric values, it was necessary to add pellets of known 
weight of benzoic acid of known caloric value in order to obtain 
complete combustion in the oxygen bomb. These pellets were added 
just prior to combustion of the sample. 
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SCHEDULE OF METABOLISM TRIALS 

The metabolism trials included determinations of digestibility of 
rations; nitrogen, calcium, phosphorus, and magnesium balances; and 
energy determinations on feeds and visible excreta. The trials were 
10 days in length, preceded by preliminary periods of 10 days or more. 
In spite of care in adjusting the rations to the appetites of the test 
animals before the trials were begun, there were appreciable feed 
residues in some instances. 

To facilitate the general account of the trials and the identification 
of particular trials, a schedule giving the trial numbers, year of experi- 
ment, identification numbers of the test animals, and dates of prelimi- 
nary feeding periods and metabolism trials are given in table 3. 


TABLE 3.—Schedule of metabolism trials 























Year of ; Transitional 
= experi- Sheep No. Feeds and prelimi- oe 
* | ment nary periods 1 ie 

23 1936 Aah B 38.0-%, D-36, | Russian-thistle hay, coarse_.| Feb. 4-16_.... Feb. 17-26. 

24 | 1936 G36, 11-36, 1-36, J-36, | Russian-thistle hay, fine_._.|._._. PPR ES Es Do. 

39 | 1937 | G-37, H-37, |) Se Russian-thistles, ground, | Mar. 13-22_...| Mar. 23-Apr. 1. 
and cane molasses.? 

33 | 1937 | I-37, J-37, K-37_......-. Russian-thistle-alfalfa silage.| Jan. 13-25__..- Jan. 26-Feb. 4. 

37 | 1937 | A-87, B-37, C-87__..... Russian-thistle-molasses si- | Mar. 13-22....) Mar. 23-Apr. 1. 

e. 

38 | 1937 | D-37, E-37, F-87_-_.-_- Russian-thistle-phosphorice |_-_-.- (| RES i a Do. 

acid silage. 





1 Dates are inclusive. 2 Ground Russian-thistle hay, 5 parts; cane molasses, 1 part; water, 3 parts. 


FEEDS USED IN TRIALS 

A detailed description of the feeds used in these trials is given 
because Russian-thistles are not grown as a regular crop, but volunteer 

enerously under droughty conditions. They are generally obtained 
rom fields where seeded grain crops have failed to germinate or grow 
because of drought; along fences or restricted areas in fields. For this 
reasop Russian-thistle hays are usually not ‘‘pure.” 

Coarse Russian-thistles—These thistles were cut from the fence 
row of a cornfield, September 21 to 23, 1935. The growth was rank, 
and the stems were coarse, but the plants were still green at the time 
of cutting. A mechanical separation of the air-dried thistles indicated 
83.5 percent of Russian-thistles, 9.0 percent of straw and grass, 0.6 
percent of cornstalks, and 6.9 percent of miscellaneous weeds. 

Fine Russian-thistles.—These thistles were cut September 27, 1935, 
on a plot from which a crop of crested wheat hay had been cut about 
the middle of July. They were much finer stemmed than the coarse 
thistles and were not nearly so tall at the time of cutting. This lot 
was also a purer fodder than the coarse thistles. A mechanical 
separation showed 93.5 percent of thistles and 6.5 percent of straw or 
crested wheat stems. 

* Russian-thistle hay, ground.—This hay was cut near Wheelock in 
Williams County, N. Dak., August 1, 1936, from a field that had been 
seeded to wheat, but in which the wheat had largely blown ‘out or 
had failed to germinate. The thistles were cut and stacked rather 
loosely the same day in stacks about 10 to 12 feet wide. They 
were baled August 19 to 23 from the stack and shipped to the expori- 
ment station. The hay was very dry at the time of baling. The 
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mechanical separation showed about 90 percent of thistles and 
10 percent of wheat straw containing a few heads of wheat. These 
thistles were a little coarser than the “fine” thistles grown at the 
experiment station, but they may be considered a fair sample of 
Ruszian-thistle hay. 

Russian-thistle-alfalfa ge A thistles for this silage were from 
a field containing a very thin and scattered stand of alfalfa. The 
proportion of alfalfa to thistles varied in different parts of the field, 
and, therefore, the amount of alfalfa could not be estimated accu- 
rately. From observation of the different loads it was estimated that 
from 15 to 20 percent of the silage material was alfalfa, with a sprin- 
kling of rough pigweed and prickly lettuce. Ground barley was added 
at the rate of about 85 pounds to the ton of wilted thistles. Water 
was also added. A small experimental cement stave silo, 8 feet in 
diameter and 25 feet high, was filled between August 15 and August 18, 
1934. The thistles were soft and pliable, only a small proportion 
having hard, sharp spines. The silo was not opened until January 13, 
1937. Much of the silage at the top and around the sides of the silo 
was spoiled, but the center contained some good, well-preserved silage, 
which was fed in trial 33. Another attempt at making silage from 
the thistles likewise resulted in much spoilage, and, this also occurred 
in one case where molasses was wee y to the silage material. Evi- 
dently, from these trials and the experience of farmers, it is rather 
difficult to make good silage from Russian-thistles. 

Russian-thistle-molasses silage:—On October 24, 1936, some silage 
was made from dry, chopped thistles by moistening them with water 
at the rate of 2 pounds of water to 1 pound of dry thistles and molasses 
at the rate of 70 pounds per ton of wet material. After mixing, the 
wet material was packed into galvanized iron cans 2 feet in diameter 
and 5 feet deep by tamping with a heavy iron. The cans were then 
sealed with waterproof paper and a layer of dirt on top and stored 
in a fairly warm basement until March 13, 1937, when the silage was 
used for the digestion trials. After removing about 1 foot of moldy 
silage at the top, a clean, dark-brown silage of good odor was reached. 
This silage was fed in trial 37. 

Russian-thistle-phosphoric acid silage-—This silage was made on 
February 13, 1937, by moistening some of the dry, chopped Russian- 
thistles of the 1935 crop with water at the rate of 2 pounds per pound 
of the dry material and adding syrup of phosphoric acid at the rate 
of 10 pounds per ton of wet Pa he same kind of cans were 
used as for the thistle-molasses silage. The cans were opened on 
March 13, 1937, and after about 1 foot of dirt and moldy silage had 
been removed from the top, good, well-preserved silage was reached. 
This was dark brown in color and appeared a little drier than normal 
silage. After opening, the silage tended to heat and mold more quickly 
than the silage made with molasses. This suggests that a larger 
amount of phosphoric acid should have been added. This silage was 
fed in trial 38. 


CHEMICAL COMPOSITION AND GROSS ENERGY OF FEEDS 


The chemical composition and gross energy of the feeds is given in 
table 4. To save space the analyses of feed residues and excreta are 
omitted. 
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RATIONS AND WATER CONSUMED 


Table 5 shows the amount of feed offered to each sheep during the 
trial, the amount of the feed residues, and the water drunk. This is 
given in place of a more detailed table showing how much of each 
nutrient was consumed, excreted, and digested. The more detailed 
table is omitted to save space. 


TABLE 5.— Average rations offered, feed residues, and water drunk during metabolism ; 

































































trials 
Year . Sheep No. 
ong hen Ration, residues, and water 
A ment A-36 | B-36 | C-36 | D-36 | E-36 | F-36 
280.0 | 200.0 250.0 320.0 320.0 
23 1936 11.2 70.0 8.9 4.3 3.6 
417.0 | 503.0 608. 0 803. 0 748.0 
Sheep No. 
G-36 | H-36 | I-36 J-36 K-36 L-36 
Russian-thistles, fine_..........- do__.-| 280.0 | 200.0 | 250.0 200. 0 None 
24| 1936 {Veaten feed residues.-.-...--.- do... 7 12] 24.9 1.9 18.6 None 
WN GOUE UR 4-3 hone cecenns do__..| 662.0 | 526.0 | 608.0 594.0 626.0 962.0 
a le Sheep No. 
G-37 H-37 I-37 
Russian-thistles, ground, 5 
parts; molasses, 1 part; 
39 | 1937 ‘Waller, 8 paris... -2.00 2-223 BARE RRS Feta Sao 1, 200.0 | 1,100.0 700.0 
Uneaten feed residues_-_-.-...-- Pee FREER SS, Cee A. EE 7.8 .6 7 
WORE OPI g5 05s p= enn s--5 oe Aone FEES I FOES See See 2,127.0 | 2,046.0 | 1,610.0 
Sheep No. 
I-37 J-37 K-37 
Russian-thistle-alfalfa silage -___- | ica Maeesees fone aoe >. (Mean ict 1,100.0 | 1, ~~ 0/1, ~~ 0 
33 | 1937 {v neaten feed residues... ...-.-.- Nene OTE SRSNE Reeser 99. 4 1.5 1.0 
Li gS ee GR aR Rica SR ak aa 748,0 | 2,046.0 | 2,799.0 
Sheep No. 
A-37 B-37 C-37 
Russian-thistle-molasses silage. .do-___|.......|_...-..|.------ 700-0 | 1, 200. 800.0 
37 | 1937. |{Uneaten feed residues_-__-_-_-.-_- tay ladon pan pau a ay ies cate 5.6 5 
Weenee WHO Bik she cd cei cntus aed Ree Pe eRe) REE S 726.0 494. 4 1, 275.0 
Sheep No. 
D-37 E-37 F-37 
es le-phosphoric acid 
38 | 1937 |J,-Silage---..---.-.----------.--- WO Soo wasscaloesect dhecpewes 700. 0 800. 0 600.0 
Uneaten feed residues.._....-.-- ROSE FEE: CP ROR eee 3.9 46.5 3.7 
Water Grunkt.:...... 5550052 | el RRIEES ORE eS. © 5a 608.0 | 1,170.0 572.0 





























{t was found that the sheep would not eat the dry, chopped thistles, 
and, therefore, in trials 23 and 24, the morning and eveni portions 
were weighed into 25-pound lard cans, sprinkled with distilled water, 
and allowed to soak until the next day. Even when thus soaked, 
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the sheep ate only from 200 to 320 gm. of the dry thistles per head 
daily, which was not enough to maintain their weight. 

In trial 39 the ground thistles were moistened with cane molasses 
and water in the proportions of 5 parts of thistles, 1 part of molasses, 
and 3 parts of water. With this treatment, the sheep ate from 389 
to 667 gm. of thistles and from 78 to 133 gm. of Me per head 
daily. Sheep I-37, which ate the sraallett amounts, lost a little 
weight during the trial, but the other two sheep gained a little. In 
trials 33, 37, and 38 all the sheep lost weight, indicating that the 
rations were unpalatable and that not enough was eaten for main- 
tenance. 

The water drunk by the sheep was from the Fargo water system. 
Daily samples were taken to form a composite sample for analysis. 
The analyses for calcium and magnesium are given in table 6. The 
analyses failed to show any phosphorus in the water. 


TaBLE 6.—Calcium and magnesium in drinking water 














aii ae Year of Minerals in water ! 
ee experi- 
No. | ‘ment | Calcium | Magne- 
P. p.m. | P. p.m. 
Russian-thistle hay, coarse___...........--.-..-.------...-------- 23 1936 18.7 65.1 
Russian-thistle hay, fine. -_.........-..- 24 1936 18.7 65. 1 
Russian-thistle hay, ground, and molasses 39 1937 10.7 58.7 
Russian-thistle-alfalfa sil = eae ies DPE PS 33 1937 17.1 45.2 
Russian-thistle-molasses silage_............- 37 1937 10.7 58.7 
Russian-thistle-phosphoric ‘acid SOs Wk Licsisla cba 38 1937 10.7 58.7 

















1 No phosphorus was present in the water. 
RESULTS OF METABOLISM TESTS 
APPARENT DIGESTIBILITY OF FEEDS 
The percentage apparent digestibility of the feeds, as determined 
by the individual sheep in the different trials, is given in table 7. 
The average coefficients are summarized in table 8. 


TABLE 7.— Percentage apparent digestibility of feeds 

















Trial| Sheep Feeds Dry |Organic| Crude | Crude | N-free | Ether 
{No. | No. matter | matter | protein] fiber | extract | extract 
Percent| Percent| Percent| Percent| Percent| Percent 
A-36 51.2 §2.1 70.0 . 6 53.8 73.9 
C-36 Mil S84] ore| ars} ss2| mo 
. 4 67. 41 t \ 
23 || p-36 |{ Russian-thistle hay, coarse... ..-....- 45.2| 44.9| 64.4| 312| 47.7| 758 
E-36 47.6 48.8 63.9 36.6 52.9 70. 2 
F-36 44.7 44.2 66.2 31.7 45.6 73.8 
G-36 44.5 47.7 66. 4 32.0 50.5 65.0 
H-36 46.6 49.4 68.0 34.3 51.7 68.6 
24 I-36 |}Russian-thistle hay, fine....._........ 48.6 50.8 67.1 35, 2 54.3 70.7 
J-36 46.7 49.6 68.6 37.5 50.0 64.7 
637 éts| oro| oc4| ae] oso; one 
39 1-47 | Hossion: thiatle hay, ground, and 61.3| 61.3| 645] 4.0] 6&5| 71.4 
ie 62.9 63. 1 65.0 44.9 70.0 66. 1 
50.0 48.1 36.8 48.6 61.8 50.0 
33 Fa $1 Russian-thistle-alfalfa silage 2. _....... 49.5 46.9 35.0 46.7 51.4 49.5 
50.8 48.0 39.9 46.5 §2.1 48.5 
43.3 42.9" 59.6 31.4 41.7 75.6 
37 Bar Russian-thistle-molasses silage 3__..___ 41.6 42.4 60. 3 30. 5 41.6 70. 1 
ie mal fie] Bt) el atl he 
39. A. 1 1. \ , 
ss |! Roar 7 Basie thistle-phosphoric acid si- 35.0] 37.0} 504] 201| 346} 80.0 
| F-97, |p, BO S---2--2-2-nnn mmm ner penne noma 3.7| 4.0} 882] 331| 345] 80.0 























1 Ground Russian-thistle hay, 5 parts; cane molasses, 1 part; water 3 parts 

4 The fresh silage material contained some alfalfa, estimated at about 15 pereent by weight. 
Molasses was added at the rate of about 70 pounds per ton of wet mater: 

‘ Phosphoric acid was added at the rate of 10 pounds per ton of wet material. 


773876—48——. -2 
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TABLE 8.—Coefficients of apparent digestibility of Russian-thistle hays and silages 











Indi- | Year of 
Trial ;.| Dry |Organic| Crude | Crude | N-free | Ether 
Feeds No. vaso wrt | Matter | matter | protein | fiber | extract | extract 
Number Percent | Percent | Percent | Percent | Percent | Percent 
Russian-thistle hay, coarse....| 23 6 | 1936 47.6 47.8 66. 4 35.1 50.4 74.6 
Russian-thistle hay, fine------ 24 5 | 1936 46.8 49.8 67.3 35, 2 52.2 67.9 
Russian-thistle hay ground 
and molasses !____._______.. 39 3 | 1987 61.9 62.0 64.6 43.4 68.7 67.3 
Russian-thistle-alfalfa silage __. 33 3 1937 50. 2 47.6 37.4 47.0 51.8 49.2 
Russian-thistle-molasses 
OS aistche Cap alit alltel 37 3 | 1937 42.8 43.5 60.9 31.2 42.9 74.5 
Russian-thistle-phosphoric 
acid silage. _..........-.--<« 38 3 | 19387 37.6 39.8 55.4 31.2 37.4 80.5 





























1 Ground Russian-thistle hay, 5 parts; cane molasses, 1 part; water 3 parts. 


The average digestion coefficients for the coarse and fine Russian- 
thistles do not differ greatly. Except for a slightly lower coefficient 
for dry matter (difference —0.8), and for ether extract (—6.7), all the 
coefficients are slightly higher for the fine thistles, with differences 
as follows: Organic matter, +2.0; protein, +0.9; fiber, +0.1; and 
nitrogen-free extract, + 1.8. 

It is not possible to observe directly the effect of molasses upon the 
digestibility of the thistles, since the thistles fed in trial 39 were from 
a different crop. However, the coefficients for dry matter, organic 
matter, crude fiber, and nitrogen-free extract are higher, and the 
protein and ether extract are somewhat lower than they are for the 
thistles without the molasses. 

Compared to the Russian-thistle hay, the Russian-thistle-alfalfa 
silage shows higher digestibility for dry matter and crude fiber, with 
approximately the same digestibility of organic matter and nitrogen- 
free extract, but decidedly lower digestibility of protein and ether 
extract. Apparently, ensiling and storing the material for about 2% 
years had the effect of greatly reducing the digestibility of the protein. 
(See table 7.) 

The Russian-thistle-molasses silage shows somewhat lower coeffi- 
cients of digestibility than the hay in trial 24 for all nutrients except 
ether extract. The effect of the molasses and ensiling was to lower 
the digestibility of the fine thistles. : 

The Russian-thistle-phosphoric-acid silage, made from the same lot 
of thistles as the thistle-molasses silage, gave lower coefficients for 
dry matter, organic matter, crude protein, and nitrogen-free extract, 
but identical coefficients for crude fiber and higher digestibility for 
ether extract. It might be inferred from this that the phosphoric 
acid had, in general, a depressing effect on digestibility. In other 
tests at this station on leafy spurge there was no such effect, and, 
therefore, such a conclusion is not justified at this time. 


NITROGEN BALANCES 


Table 9 gives the nitrogen balances of the individual sheep during 
the trials. These balances were obtained in order to determine the 
condition of the sheep while on experiment and to furnish data for 
the calculation of metabolizable energy. Only two sheep had positive 
nitrogen balances. 
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TaBLE 9.—Daily nitrogen balance of the experimental sheep 
































Nitrogen in— 

Trial| Sheep Posie Bie 

No. No, balance 
: Feeds | Feces | Urine 

Grams | Grams | Grams | Grams 

A-36 4. 20 1,27 5.68 | —2.75 
es £8] <8] ta 28 
23_..- D-36 Russian-thistle hay, a eee ene 4. 22 1.50 5.09 —2,37 
E-36 5.49 1.99 6.42 | —2.92 
F-36 5.49 1.85 6.34 | —2.70 
G-3o 5.81 1.95 6.12 | —2.26 

H-36 } 4.14] 1.33] 5.48] —2.67 

24..../; I-36 |} Russian-thistle hay, fine._...............----..----.-- 5 4.63 1.51 5.63 | —2.51 
J-36 4.13 1.30 5.71 —2.88 
K-36 3. 82 1.28 5. 29 —2. 75 
G-37 13. 32 4.74 6.99 | +1.59 
39_...|; H-37 |} Russian-thistle hay, ground, and molasses-____......- 12. 29 4. 37 6.85 | +1.07 
I-37 7.82 2.74 5. 21 —.13 
I-37 6.14 3. 88 4.71 —2.45 

33_...|4 J-37 Russian-thistle-alfalfa silage................-------.--- 9. 41 6.11 7.41 —4.11 
K-37 10. 15 6.10 7.77 —3.72 
A-37 5. 71 2.30 4.06 —.65 

37_...|{ B-37 |} Russian-thistle-molasses silage. .................-..--- 9.99 3.96 6.37 —.34 
C-37 6.65 2. 46 4.58 —.39 

D-37 5.46 2.29 4.33 —-1.16 - 

38....|; E-37 |} Russian-thistle-phosphoric acid silage_...........-..-.- 5.41 2. 68 4.37 | —1.64 
F-37 4.70 1.96 4.55] —1.81 





METABOLIZABLE ENERGY IN FEEDS AND RATIONS 


The gross energy in the feed, feces, and urine was determined directly 
by means of a Parr adiabatic oxygen-bomb calorimeter. The energy 
in methane was computed by the method of Armsby (1) accordin 
to which 100 gm, of digestible carbohydrates produce 4.5 gm. o 
methane having an energy value of 60.1 large calories. The energy 
in the urine was corrected for gain or loss of protein by the use of 
Rubner’s value for protein nitrogen as employed by Armsby (1). 
The energy data on all the rations are given in table 10. . 

From a study of the values obtained by various investigators, 
Armsby (1) found that the metabolizable energy per pound of digesti- 
ble organic matter ranged from 1.50 to 1.70 therms per pound of digest- 
ible organic matter for roughages, with an average of 1.60 therms; 
for mixed rations, the values ranged from 1.58 to 1.87 therms, with an 
average of 1.66 therms. Christensen and Hopper (7), in trials with 
cattle, found a range of 1.67 to 1.81 therms per pound of digestible 
organic matter in 25 trials on roughages and a range of 1.72 to 1.84 
therms on mixed rations. The average was 1.737 therms for the 
roughages and 1.767 for the mixed rations. On two prairie hays 
Christensen and Hopper (6) found the metabolizable ene per 
poted of digestible organic matter to be 1.432 and 1.514 therms. 

imilar low values have also been found on certain other feeds (un- 
published data). . 

As shown in table 10, the metabolizable energy per pound of digest- 
ible organic matter ranges from 1.465 to 1.796 therms, with an average 
of 1.614therms. It is not clear why the coarse thistles gave an average 
of 1.630 therms of metabolizable energy per pound of digestible organic 


- matter and the fine thistles a lower value of 1.528 therms. na 


dry basis the coarse thistles contained 13.24 percent of ash and 183.18 
therms of metabolizable energy per 100 pounds, as compared to 11.08 
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percent of ash and 180.93 therms of energy in the fine thistles. The 
ground Russian-thistles with molasses showed the lowest value of all, 
1.484 therms per pound of digestible organic matter. No explanation 
TaBLE 11.—Dry matter, digestible crude p eiogoa total digestible nutrients, and 


metabolizable energy in 100 pounds of feed as fed and in dry matter (on apparent 
digestibility basis) ; 












































As fed In dry matter 
rial |aivia-| of ex- Dis | rotal | N Di- | Total 
Feeds 8 bla gest- | 3° me gest- | 3.° 
No. | ual | peri-| Dry ible digest-| tri- | Metab-| ible digest-| Metab- 
trials | ment | mat- crude ible | trive | olizable crude| 2 le | olizable 
ter pro- nutri- | ratio | energy pro- nutri- | energy 
tein jents | 1: tein | ents 
Num- Per- | Per-| Per- Per-| Per- 
ber cent | cent | cent Therms| cent | cent | Therms 
Russian-thistle hay, coarse. 23 6] 1936 |184.46) 7.2) 37.4) 4.2) 57.80) 85) 44.3) 68,44 
Russian-thistle hay, fine __. 24 5} 1936 (186.62) 8.7) 40.5) 4.6 58.80) 10.1 46.7| 67.88 
Russian-thistle hay, 
und, with molasses. -- 39) 3} 1937 | 55.36) 4.5) 29.8) 6.6) 43.20) 82) 53.8) 78.03 
Russian-thistle-alfalfa 
CE ia SE Ee Se 33 3} 1937 | 32.37) 1.7 12.5} 6.3} 21.32) 5.3) 38.8! 66.08 
Russian-thistle-molasses 
Batiuk sbvsleins deb 37 3] 1937 | 34.50) 3.2 14.0} 3.4) 22.58) 9.2) 40.5) 65.46 
Russian-thistle-phosphoric 
acid silage..............- 38 . 3} 1937 | 33.17) 2.8) 12.5) 3.5) 18.00) 83) 37.7) 54.26 





1 On air-dry basis; not including water used in moistening thistles. 


for this is apparent, since the total digestible nutrients are high 
(table 11). 

The metabolizable energy per pound of total digestible nutrients 
in these trials ranges from 1.379 to 1.728 therms, with an average of 
1.516. This is a little lower than the average value of 1.616 therms 
reported by Kriss (10). 


DIGESTIBLE NUTRIENTS IN FEEDS AND RATIONS 


The results of the several trials to determine digestible nutrients 
and metabolizable energy in the feeds are summarized in table 11. 
For convenience in using the data and making comparisons, the 
digestible nutrients and metabolizable energy are given for the feeds 
as fed as well as on a dry-matter basis. 

Morrison’s (13) average of all analyses for red clover hay, computed 
to a dry basis, is 7.9 percent of digestible protein and 58.8 percent 
of total digestible nutrients. From this it is evident that the Russian- 
thistle hay contains more digestible protein than does red clover hay, 
but about 12 to 14 percent ao of total digestible nutrients. 

Christensen and Hopper (7), in seven individual trials on corn 
silage, found 5.3 percent of digestible protein and 69.7 percent of 
total digestible nutrients on a dry basis. Morrison’s (13 )average of 
all analyses, computed to dry basis, is 4.6 percent digestible protein 
and 66.1 percent of total digestible nutrients. The total digestible 
nutrients in the three Russian-thistle silages range from 37.7 to 40.5 
percent, which is considerably lower than in the corn silage. The 
digestible protein in the thistle silages ranges from 5.3 to 9.2 percent, 
which is, in general, somewhat higher than that in corn silage. 

The metabolizable energy in the two thistle hays and silages is 
similar except for the thistle-phosphoric-acid silage. which is con- 
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siderably lower on an air-dry basis. This low value is due to the 
relatively large loss of energy in the feces (table 10). 

An important consideration in evaluating any feed is its palatability 
and bulkiness. If a feed is unpalatable, an animal may not eat 
enough for its needs, or, if it is too bulky, the animal may lack capacity 
for consuming enough to meet its requirements. In these trials the 
Russian-thistle hays and silages proved rather unpalatable. In only 
two instances did the sheep eat enough to show a gain in weight, and 
that was on the ground thistles with molasses. Data on the average 
live weights, average daily gains or losses, and the dry matter, di- 
gestible protein, total digestible nutrients, and metabolizable energy 
in the rations are presented in table 12. 

Brody, Procter, and Ashworth (4) give the maintenance require- 
ment of a 100-pound sheep as 59 gm. of digestible protein, 572 gm., 
or 1.261 pounds, of total digestible nutrients, and 2.282 therms of 
energy, presumably metabolizable, on the basis of 1 pound of total 
digestible nutrients as equivalent to 1,812 calories. Kriss (10) gives 
1.616 therms of metabolizable energy per pound of total digestible 
nutrients as the average value for mixed rations of cows. If we 
multiply 1.261 pounds of total digestible nutrients by 1.616, the 
requirement for metabolizable energy becomes 2.038 therms. 

On the basis of either of the foregoing requirements, none of the 
sheep received enough total digestible nutrients or metabolizable 
energy for maintenance; yet sheep G-37 and H-37 in trial 39 showed 
some gains during the trial. Armsby (/) reviewed the available data 
and estimated the maintenance requirement of metabolizable energy 
from respiration experiments as 1.322 therms and from live weight 
experiments as 1.368 therms. Mitchell, Kammlade, and Hamilton 
(11) found the maintenance requirement for metabolizable energy in 
one series of trials with sheep to be 1.864 therms on alfalfa, 1.521 on 
clover, and 1.507 on timothy hay. In another series they found the 
requirement to be 1.382 therms for alfalfa and 1.149 for timothy hay. 

rom 11 respiration trials at the New Hampshire Experiment 
Station, Ritzman ‘* estimates the maintenance requirement of adult 
sheep at 1.686 therms per 100 pounds of live weight. If five experi- 
ments at low temperatures are omitted, the figure becomes 1.820 
therms. These lower values probably come closer to the actual 
requirements for sheep confined in metabolism cages than the higher 
values, but, even so, the sheep on the Russian-thistle hays alone 
(trials 23 and 24) ate only about one-fourth to one-third 4s much as 
was necessary for maintenance. 

Two of the three sheep on ground Russian-thistles moistened with 
diluted molasses (trial 39) ate enough to show some gains, and they 
were the only ones that received enough protein to show positive 
nitrogen balances (table 9). 

The sheep on the Russian-thistle-alfalfa silage (trial 33) and those 
on the thistle-molasses silage (trial 37) in general consumed somewhat 
more of the total digestible nutrients and metabolizable energy than 
those on the Russian thistles alone, indicating that these silages were 
somewhat more palatable. Those on the Russian-thistle-phosphoric 


4 Personal communication from E. G. Ritzman, formerly research professor of 
animal husbandry, New Hampshire Agricultural Experiment Station. 





TABLE 12.—Live weights, digestible nutrients, and metabolizable energy in rations and per hundred pounds live weight 
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acid silage (trial 38) consumed about the same amounts of total 
digestible nutrients and metabolizable energy as those on the hays 
alone, indicating that this silage was less palatable than the other 
two. 

It might appear from the data of table 12 that the Russian-thistles 
are of little or no value as feed for sheep. However, in another phase 
of this project bred ewes fed chopped Russian-thistles moistened with 
water and molasses as the only, or principal, roughage, supplemented 
with barley, produced healthy, vigorous lambs (unpublished data). 
The metabolism trials show that the Russian-thistles have consider- 
able nutritive value, which can be utilized in times of feed emergency. 


CALCIUM, PHOSPHORUS, AND MAGNESIUM BALANCES 


Although this project was not planned to determine the mineral 
requirements of sheep, it seemed desirable to obtain information on 
the utilization of calcium, phosphorus, and magnesium along with 
the other data. Table 13 gives the data on the intake, excretion, and 
balances for calcium, phosphorus, and magnesium, calculated in 
direct proportion to 100 pounds live weight. 

The intake of calcium of the sheep on the Russian-thistle hays 
ranged from 2.174 to 5.066 gm., and all showed negative calcium 
balances except sheep C-36, which received the smallest amount of 
calcium. These sheep also showed negative balances for phosphorous 
on an intake ranging from 0.353 to 0.749 gm. The sheep on the coarse 
thistles received from 1.977 to 4.288 gm. of magnesium, and all had 
negative balances except sheep C-36, which received the smallest 
amount of magnesium. The sheep on the fine thistles, in general, 
received a little higher level of magnesium, the amounts ranging from 
4.334 to 6.545 gm. At this level all had positive balances except 
sheep J-36. ; 

The three sheep on the ground Russian-thistles with molasses, 
(trial 39) consumed more feed than the others, and all showed positive 
balances for calcium, phosphorous, and magnesium. 

On the Russian-thistle-alfalfa silage (trial 33) the calcium intake 
ranged from 9.241 to 12.148 gm., and all the sheep had positive bal- 
ances. The phosphorous ranged from 0.642 to 0.952 gm., with nega- 
tive balances for all three sheep. The magnesium ranged from 4.640 
to 6.225 gm., and, curiously, sheep I-37, which received the smallest 
amount of magnesium, showed a positive balance while the other 
two were negative. 

In trial 37, on Russian-thistle-molasses silage, the calcium intake 
ranged from 15.215 to 21.427 gm. Sheep A-37, on the lower level 
of calcium, gained 1.039 gm.; whereas, sheep B-37, which received 
21.427 gm. of calcium, gained only 0.011 gm, and sheep C-37, on 
18.588 gm. of calcium, lost 0.329 gm. Why this group showed such 
mixed results is not clear. .All the sheep in this group had positive 
phosphorous and magnesium balances. 

The sheep on the Russian-thistle-phosphoric acid silage (trial 38), 
with calcium intakes ranging from 11.332 to 13.678 gm., showed 
larger positive balances than the sheep in trial 33 on similar intakes 
of calcium. The phosphorus intake by this group was the highest of 
any, and two of the sheep showed positive balances. However. 
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sheep D-37, which received the largest amount of phosphorus of any 
in the trials, had a negative balance. All three of the sheep in this 
group had positive magnesium balances. 

Mitchell and McClure (12) reviewed the mineral requirements of 
farm animals on the basis of available data and reached the conclusion 
that ewe lambs weighing from 50 to 110 pounds would require 1.40 
gm. of calcium and 1.34 gm. of phosphorus and that ram lambs 
weighing from 50 to 120 pounds would require 1.59 gm. of calcium 
and 1.48 gm. of phosphorus. No requirements for magnesium 
were given. ; 

If the figures of Mitchell and McClure are used as a basis for com- 
parison, it is evident that all the sheep received considerably more 
calcium than the indicated requirements; yet, a considerable number 
of negative balances were observed. In trial 33, where the calcium 
intake ranged from 9.241 to 12.148 gm., small positive balances were 
obtained, but in trial 38, where the calcium intakes ranged from 
11.332 to 13.678 gm., the positive balances were notably higher. 
This suggests a possible difference in the availability of the calcium in 
‘the two feeds. In the series as a whole, with one exception, positive 
calcium balances were obtained only where more than 10 gm. of 
calcium were fed per hundred pounds of live weight. 

Comparing the phosphorus balances in the same way, it is observed 
that, where more than 1 gm. of phosphortis was consumed, the bal- 
ances were positive, except for the erratic result from sheep D-37 in 
trial 38. This would indicate that the requirements for phosphorus 
suggested by Mitchell and McClure should be adequate. 

A consideration of the magnesium balances. shows 8 negative bal- 
ances out of 23 trials. Two sheep, J-37 on 5.455 gm. and K-37 on 
6.225 gm. of magnesium, showed negative balances, but the other 6 
negative balances were on intakes of less than 4.640 gm. of magnesium. 
On intakes from 4.640 gm. to 11.673 gm. of magnesium, the balances 
were all positive—except as noted. From the data obtained, it 
appears that approximately 4.5—5 gm. daily intake of magnesium per 
100 pounds of live weight was needed to meet the maintenance 
requirements of lambs under the above-described conditions. The 
low digestibility of the Russian-thistle possibly accounts for the 
poor utilization of the magnesium present in the ration. 

It is evident that calcium, phosphorus, and magnesium may be 
stored by sheep on rations that are below the maintenance require- 
ments in protein and total digestible nutrients or energy. How much, 
if at all, the intakes of these elements might be lowered and still give 
positive balances on rations adequate in protein and energy is not 
indicated by these trials. 


DISCUSSION OF RESULTS 


The Russian-thistle has been used for years in the Great Plains area 
as an emergency feed, particularly for cattle. By its use farmers have 
been enabled to keep livestock through winter seasons when otherwise 
they would have had to sell off stock or suffer heavy losses because of 
an inadequate feed supply. The composition of the thistles and the 
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results of the metabolism trials show that the thistles compare favor- 
ably with red clover hay in digestible protein and that they furnish 
nearly as much digestible nutrients as oat straw and more than wheat 
straw on the basis of Morrison’s (13) tables. According to Morrison, 
oat straw on a dry basis contains 49.2 and wheat straw 39.6 percent 
of total digestible nutrients, as compared to 44.3 percent in the 
‘coarse’ thistles and 46.7 percent in the ‘‘fine” thistles. 

It is evident, therefore, that, if enough is eaten, and if the thistles 
have no injurious effects on the animals, Russian-thistles should prove 
a valuable feed in times of emergency. The writers’ experience is that 
the cured thistles are unpalatable to sheep and that moistening them 
with water alone is not sufficient to induce the sheep to eat enough for 
maintenance. Moistening the thistles with water and cane molasses 
induced the sheep to consume enough for maintenance, as is shown 
in trial 39. This, then, is one method of inducing sheep to eat more 
of the thistles. The silages appeared to be somewhat more palatable 
than the hays; but, even so, less was consumed than is required for 
maintenance. Evidently, the thistles should be used as a part of the 
ration and not as the sole feed. 

Russian-thistles usually are laxative in their effect, sometimes ex- 
cessively so, but in these trials the feces were only soft and pasty. 
To avoid undue laxative effects, cane molasses was used with the 
thistles, rather than beet molasses. 

No injurious effects from feeding Russian-thistles to sheep have 
been observed in these trials or in feeding the thistles to bred ewes 
during four winters. 


SUMMARY 


Metabolism trials with sheep were conducted in which the compo- 
sition and digestibility of Russian-thistles (Salsola kali) were deter- 
mined as hay and as silage. The trials included determinations of 
metabolizable energy and nitrogen, calcium, phosphorus, and mag- 
nesium balances. 

Six individual metabolism trials on a rather coarse Russian-thistle 
hay indicated, on a dry basis, 8.5 percent digestible protein, 44.3 
percent total digestible nutrients, and 68.44 therms of metabolizable 
energy per 100 pounds. Five individual trials on a finer thistle hay 
indicated 10.1 percent digestible protein, 46.7 percent total digestible 
nutrients, and 67.88 therms of metabolizable energy per 100 pounds. 

Three individual trials on ground Russian-thistles with molasses, 
on a dry basis, indicated 8.2 percent digestible protein, 53.8 percent 
total digestible nutrients, and 78.03 therms of metabolizable energy 
per 100 pounds. 

Three individual trials on Russian-thistle silage, which included 
some alfalfa and which had been stored about 2% years, contained, 
on a dry basis, 5.3 percent digestible protein, 38.8 percent total 
digestible nutrients, and 66.08 therms of metabolizable energy per 
100 pounds. 

Three individual trials on a Russian-thistle-molasses silage, made 
from chopped fine thistles by adding cane molasses and water, con- 
tained, on a dry basis, 9.2 percent digestible protein, 40.5 percent of 
total digestible nutrients, and 65.46 therms of metabolizable energy 
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per 100 pounds. This indicates a reduction in the digestible protein, 
total digestible nutrients, and metabolizable energy as compared to 
the hay (trial 24). 

Three individual trials cn silage made from the same lot of hay as 
the thistle-molasses silage, but preserved with phosphoric acid, con- 
tained on a dry basis, 8.3 percent digestible protein, 37.7 percent 
total digestible nutrients, and 54.26 therms of metabolizable energy 
per 100 pounds. These values are lower than the values on the same 
hay preserved with molasses. 

The metabolizable energy per pound of digestible organic matter, 
in all trials, ranged from 1.465 to 1.796, with an average of 1.614 
therms. 

The metabolizable energy per pound of total digestible nutrients, 
in ‘all trials, ranged from 1.379 to 1.728, with an average of 1.516 
therms. 

With one exception, positive calcium balances were observed only 
in the trials where more than 10 gm. of calcium were fed per 100 
pounds live weight. 

Positive balances for phosphorus were observed when more than 1 
gm. of phosphorus was consumed per 100 pounds live weight, except 
in two trials. 

The data indicate than an abnormally high intake of 4.5 to 5.0 
gm. of magnesium daily was required to keep the animal in positive 
magnesium balance. The low digestibility of the ration may account 
for these high magnesium intakes. 
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RECOVERY AND VIABILITY OF SEEDS OF CERTAIN 
SOUTHERN GRASSES AND LESPEDEZA PASSED 
THROUGH THE BOVINE DIGESTIVE TRACT? 


By GLenn W. Burton, senior geneticist, Division of Forage Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agriculturai Engineering, and Joun S. 
ANDREWS, parasitologist, Zoological Division, Bureau of Animal Industry, 
Agricultural Research Administration, United States Department of Agriculture 2 


INTRODUCTION 


The role that domestic animals play in the dissemination of weed 
seeds has been the subject of study since early in the present century, 
but many questions are still unanswered. A number of people have 
expressed the opinion that such southern forage plants as carpet, 
Bermuda, and Johnson grasses are disseminated by cattle, but a 
thorough search of the literature has revealed no publications dealing 
with the recovery and viability of such seeds after passage through 
the bovine digestive tract. In 1942 and 1945 studies were therefore 
made to learn what proportion of the seeds of certain southern grasses 
and lespedeza is digested by Jersey cows and what proportion passes 
through the digestive tract and still remains viable. The experiments 
were designed to answer the following questions: Are cattle effective 
agents in the dissemination of grass seeds? Have they been responsi- 
ble for the spread of undesirable grasses? How many days are re- 
quired to clear the bovine digestive tract of viable seeds of the various 
grasses and lespedeza? What percentage of the seeds of southern 
grasses and lespedeza consumed are digested and presumably utilized 
by the cattle for maintenance and growth? The results of the experi- 
ments are reported herein. 


REVIEW OF LITERATURE 


As early as 1907 Hills and Jones (7) * recognized that commercial 
feedstuffs contain viable weed seeds that cattle and horses do not 
digest. Hills, Jones, and Benedict (8) continued the studies. 

In 1911 Korsmo (9) studied this problem by feeding the seeds of six 
different weeds to horses, cattle, and hogs. He found that seeds which 
had passed through the digestive tract of cattle germinated better 
than those of the same species recovered in the feces of horses and hogs. 

Beach (2) reported that 4.5 percent of weed seeds having a viability 
-of 26.4 percent germinated after passing through the digestive tract of 
a Jersey cow. 


1 Received for publication March 31, 1947. Cooperative investigations of the 
Division of Forage Crops and Diseases, the Zoological Division, the Georgia 
ay Plain Experiment Station, and the Georgia Agricultural Experiment 

tation. 

2 The writers gratefully acknowledge the assistance of B. L. Southwell, animal 
husbandman, Georgia Coastal Plain Experiment Station, D. J. Jones, agricultural 
aid, Zoological Division, and W. A. Carnes, scientific aid, Division of Forage 
Crops and Diseases, in conducting these experiments. 

3 Italic numbers in parentheses refer to Literature Cited, p. 103. 
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In India, Milne (1/0) observed that 9.6 to 20.5 percent of the wheat 
seeds passed by cattle produced plants. 

Atkeson, Hulbert, and Warren (1) fed dairy cows 1 quart of weed 
seeds night and morning and recovered the first seeds 47 hours after 
they were fed. In the 19 samples representing 13 different species 
studied during the 2 trials, reduction in germination due to digestion 
was more than 90 percent in 6 samples and 80 percent or more in 11 
samples. The writers concluded that the longer the seeds remained 
in the digestive tract the greater the reduction in germination. 

Known quantities of seven weed seeds were fed to calves, horses, 
sheep, hogs, and chickens by Harmon and Keim (5). All of the feces 
were recovered for 4 days. During this period 23.1 percent of the 
weed seeds fed to the calves were recovered, and these had an average 
viability of 45.2 percent. This was the only experiment reviewed in 
which an effort was made to determine the percentage of seeds 
recovered. : 

Dore and Raymond (3), using flats in the greenhouse, germinated 
seeds found in manure droppings from old pastures in southern Quebec. 
In 6 samples of manure they found 49 species with 167 to 970 seeds 
per 10 ounces of dry manure. Agrostis stolonifera L., Phleum pratense 
L., Poa pratensis L., and Trifolium repens L. exceeded the other species 
in the number of viable seeds per unit of manure. 


MATERIAL AND METHODS 


On October 3, 1942, three mature Jersey cows were placed in separate 
cement-floored box stalls. From this date throughout the experi- 
ment, except as indicated for October 10, these animals were fed a 
diet known to be free of the seeds of the grasses and the lespedeza 
(legume) to be studied. An examination of the feces of these cows on 
October 9 revealed that only a very few seeds of carpet and Bermuda 
grasses were being passed. Therefore, on October 10, two of the cows 
were each fed the following seed mixture: Common Bahia grass 
(Paspalum notatum Fliigge), 675 gm.; Paraguay Bahia grass (P. 
notatum), 340 gm.; Pensacola Bahia grass (P. notatum), 225 gm.; 
Dallis grass (P. dilatatum Poir.), 450 gm.; Johnson grass (Sorghum 
halepense (L.) Pers.), 900 gm.; carpet grass (Azonopus affinis Chase), 
40 gm.; Bermuda grass (Cynodon dactylon (L.) Pers.), 40 gm.; and an 
unnamed strain of common lespedeza (Lespedeza striata (Thunb.) H. 
and A.) in the hull, 900 gm. The animals consumed an estimated 
90 percent of this mixture. 

All feces dropped by each animal during each 24-hour period were 
collected and thoroughly mixed; 200- and 500-gm. samples were taken 
in duplicate and carefully washed through a series of screens that 
would retain all the seeds. The material that did not pass through 
the screens was dried. Seed-cleaning equipment was used to separate 
the seeds; the number of each species in each 200-gm. sample was 
counted to permit a calculation of the number of seeds passed during 
each 24-hour period (table 1). A few seeds of carpet and Bermuda 
grasses were passed for several days by the third cow, which was fed 
no seeds on October 10. It was assumed that the cows which were 
fed seeds passed a similar number of seeds that had been eaten before 
the experiment was begun and corrections were made in the counts 
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reported. One of the duplicate 500-gm. samples collected during a 
24-hour period was spread out about one-half inch thick on bread 
pans containing steam-sterilized soil. After all soluble and fine ma- 
terial was washed from the other sample, it was planted ‘in similar 
pans of sterilized soil. These cultures were watered daily and were 
kept in a greenhouse heated to temperatures that would favor the 
germination of the seeds planted. The seedlings of each species in 
each pan were counted, recorded, and removed at weekly intervals. 
Such counts for a 12-week period furnished the basis for calculating 
the number of viable seeds of each species recovered from each cow 
(table 2). 

The caryopses (grains or fruits of grasses) of Dallis, carpet, Bahia, 
and Bermuda grasses as sold on the market are usually enclosed very 
tightly in glumes. In such commercial seed lots frequently occur 
many pairs of glumes that do not contain caryopses because it is 
difficult to separate them in the cleaning process. These cannot be 
distinguished from good seeds by outward appearance. In the 
experiment just described the actual number of caryopses in the seed 
fed was not determined. The number of seedlings that a known 
weight of the commercial seed would produce was ascertained by 
germinating duplicate 100-seed samples in steam-sterilized soil at the 
same time that the other germination trials were run. From this 
information it was possible to calculate the number of viable seeds of 
each species fed (table 2). 

In an effort to measure more accurately the influence of passage 
through the bovine digestive tract on the viability of the seeds of 
southern grasses and lespedeza, a second experiment was conducted 
in 1945. Since mature cows were not available, 2-year-old Jersey 
heifers were used. Three heifers were placed in box stalls with con- 
crete floors and fed a ration free of grass and lespedeza seeds until they 
were no longer passing seeds of any of the species to be studied. On 
March 10, 1945, the quantities and numbers of seeds or ca1yopses 
shown in table 3 were fed to each heifer. Kobe lespedeza (Lespedeza 
striata) was used instead of common lespedeza in this study. Dur- 
ing each 24-hour interval for 10 days, beginning March 11, all feces 
were collected from each animal. All seeds in each lot of feces were 
then recovered by the techniques previously described. The num- 
ber of seeds of each species recovered each day was determined 
(table 4). Duplicate 100-seed samples of each species were then 
counted from each lot of seed passed by each heifer during each 24- 
hour period. In the collections made toward the end of the study 
there were not enough seeds to give two 100-seed samples. In such 
cases all of the seeds recovered were counted and used. All 100- 
seed samples were planted in steam-sterilized soil in the greenhouse 
and were allowed to germinate for 6 weeks under conditions of opti- 
mum temperature and moisture (table 5). Duplicate 100-seed samples 
of the original seed lots were included in these viability tests as checks. 
All data from both of these studies were subjected to statistical 
analyses. The analyses of the 1945 experiment are presented in 
table 6. 

The word “seeds” as used in describing the results of these experi- 
ments refers to the true lespedeza seeds and also the caryopses of 
the grasses, which are usually enclosed in glumes. 
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RESULTS 


The majority of the viable seeds recovered in 1942 were passed 
during the second day (table 1). It is significant that a few viable 
seeds of each species were still being passed 10 days after they were 
fed. However, the quantities of viable seeds recovered on the ninth 
and tenth days were so small as to suggest that practically all the 
other viable seeds fed on October 10 had been destroyed by mastica- 
tion and digestion. Of considerable interest was the observation 
that the feces of one of the cows, although normal in quantity, con- 
tained no seeds alive or dead on the third day. This cow passed 
many viable seeds on the second and fourth days, however. 

The percentage recovery of viable seeds fed to mature Jersey cows 
was not the same for all species (table 2). Over half of the viable 
Bermuda grass seeds fed to these cows passed through their digestive 
tracts and retained their viability. Rather high percentages of living 
seeds of carpet grass and Pensacola Bahia grass were recovered. 


TaBLe 1.—Daily recovery of seeds of several southern grasses and common lespedeza 
from feces of 2 mature Jersey cows during the 10 days after feeding, October 1942 





Portion of total seeds recovered on day indicated 









































Species 
1 2 31 4 | 5 6 | 7 8 | 9 | 10 
Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- 

: cent cent cent cent cent cent cent cent cent cent 
Common Bahia grass_---___- 3.3 57.3 6.1 19. 2 5.7 2.3 | 2.6 2.5 0.4 0.1 
Paraguay Bahia grass______.- 2.3| 51.2 6.2 | 23.2 8.4 2.9) 3.2 1.7 5 ol 
Pensacola Bahia grass ? 3.2] 48.0 10.0 | 24.4 7.9 2.4 2.1 1.4 ¥ dl 
eee eee 5.4 | 70.3 8.6 9.5 2.5 Bf 2.0 .4 .2| Trace 
OE EES 4.1 62.0 6.3 20.3 3.3 2.1 1.3 .3 a Do. 
5.1 72.9 5.0] 12.8 1.6 re 1.0 eS 3 ¥ 
Bermuda grass. ............-- 5.9} 60.4 10.0 | 16.4 3.5 2.7 .9 Be .1]| Trace 
Common lespedeza_._______-_- 12.2} 728 5. 6.5 1.5 4 od. & on Do. 

IIR, ois cece 5.2 61.9 ret | 16.5 4.3 1.7 | Be x | 2 1 




















1 Lower than the fourth day because 1 cow passed no seeds. 


TaBLE 2.—Viability of seeds of several southern grasses and common lespedeza fed to 
2 mature Jersey cows and collected during the 10 days after feeding, October 1942 


[Viability based on total seedlings that appeared in steam-sterilized soil in 12 weeks under optimum temper 
ature and moisture conditions in the greenhouse] 





Seedlings from seeds 


found in feces re- | Viable seeds germi- 








Viable covered in 10 days nated 
Species seeds 
fed 1 | | 
Washed |Unwashed| Washed |Unwashed 
feces 2 feces feces 2 feces 
Number | Number | Number | Percent Percent 
I I ee eo ecb beeen 2, 060 42 4 2.0 0.2 
SEE ae eae 10, 050 1, 520 593 15.1 5.9 
Onn SONUIOD OMB nk cee ens 35, 695 14, 851 4, 879 41.6 13.7 
SRS AS RR Fe ER Ee RES 82, 510 31 1, 507 4 1.8 
ie east con cud oniecbeibaidusume anne 81, 095 1,055 277 1.3 3 
I dD os 2 5 2s igasdawniets 48, 600 14, 200 7, 732 29.2 15.9 
CEE EEE SE 59, 985 31, 368 21, 897 52.3 36.5 
I ee 315, 525 1, 577 329 .5 oF | 




















1 Calculated from viability and weight of seed fed. 
? All material finer than the smallest seeds was washed from the feces. 
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On the other hand, less than 2 percent of the viable seeds of Dallis 
grass, Johnson grass, and common lespedeza ingested retained their 
viability after passing through the cows. It is important to note that 
some viable seeds of all species were recovered, since some may be seeds 
of serious weeds. Viable seeds of all species were found in washed 
feces collected up to 7 days after the seeds were fed to the cows. 
— Bermuda grass seeds were still being passed at the end of 10 
ays. 

In most instances the seeds in washed feces germinated better than 
those in unwashed, perhaps because of the higher salt concentrations 
in the unwashed feces. Seeds of Johnson and Bermuda grasses 
seemed relatively better able to germinate in unwashed feces than 
those of the other species included in this test. 

In the first experiment all records were based on the viability of the 
seeds fed and recovered. This test failed to show whether the loss in 
viability was due to the destruction of the seeds by mastication and _ 
digestion or was a result of the digestive juices acting upon the seeds 
without causing external change. It obviously failed to indicate the 
quantities of seed that were digested. To obtain this information, 
the actual numbers of seeds and caryopses fed and recovered were 
determined in a second experiment, conducted in 1945 (table 3). 
These data show that approximately half of the Bahia and Bermuda 
grass seeds were recovered, while less than 12 percent of the lespedeza 
seeds passed intact through the digestive tract. 


TABLE 3.—Seeds of several southern grasses and Kobe lespedeza fed to and recovered 
from 3 Jersey heifers, March 1945 











Seeds re- 
Species Seeds fed (Mar. 10) covered 
(Mar. 11-20) 

Grams Number Number 
i i s,s he pa punkaart soexmennen 330 130, 260 61, 950 
pe a ES i GR hs SS Nae eae 175 176, 770 93, 460 
MN NbN sc as 440 251, 420 82, 440 
Bermuda grass 40 307, 690 145, 260 
0 | SCAR ASS eS Shs Oe 8 CERES PER RAN SPALL ES 60 248, 570 82, 160 
ETE ICL ES Ee iy ONE OE EO 250 208, 660 47, 470 
A ll lal MRS al adil ati ei: eS # di ee it Toa 150 121, 460 14, 405 











F The daily recovery of southern grass and lespedeza seeds passed 
through the digestive tracts of the three heifers used in this experiment 
is summarized in table 4 and statistically analyzed in table 6. The 
analyses show that the cows passed significantly different quantities of 
seeds, that some species passed through the digestive tract more 
successfully than others, and that the quantities recovered from day to 
day differed significantly. The cows x days interaction was highly 
significant because the seeds did not pass through each cow with the 
same speed. The highly significant species X days interaction proves 
that not all the species passed through the digestive tract at the same 
rate. Table 4 shows that the seeds of the small-seeded grasses like 
Bermuda and carpet grasses passed through the digestive tract faster 
than those of the large-seeded species such as Johnson and Bahia 
grasses. 

i Since there was a gradual decline in the number of seeds recovered 
after the fifth day and in most cases less than 1 percent of the seeds 
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were passed on the tenth day, it is safe to conclude that very few 
seeds would have been passed later. It is logical to assume that most 
of the seeds not recovered were digested and contributed to the 
nutritional needs of the animals. If this assumption is correct, the 
data in table 4 would indicate that 88 percent of the lespedeza seeds, 
77 percent of the Dallis grass seeds, 67 percent of the carpet and 
Johnson grass seeds, and approximately 50 percent of the Bermuda 
and Bahia grass seeds were digested. These percentages are inversely 
proportional to the hardness of the seeds and their protective coverings, 


TABLE 4.—Seeds of several southern grasses and Kobe lespedeza recovered daily in 
feces of 3 Jersey heifers during the 10 days after feeding, March 1945 






































Seeds recovered per 10,000 fed on day No.— 
Species Total 
1 2 3 4 5 6 7 8 9 10 

Common Bahia grass._____...- 174 795 | 1,043 492 993 687 339 129 69 35 | 4,756 
Pensacola Bahia grass_-___..-- 155 897 | 1, 228 607 972 7 465 163 62 38 | 5,287 
ee ae 92 639 780 379 558 441 230 112 32 16 | 3,279 
Bermuda grass-__-_........-.-- 190 | 1, 286 | 1, 271 585 583 428 249 71 39 19 | 4, 721 
i ee ee es 159 769 916 346 416 395 185 62 40 16 | 3,304 
Dallis grass... _-... divers tsttee 62 282 506 | 327] 412] 313] 189] 119 43 22 | 2,275 
Kobe lespedeza__.......-..---- 64 284 361 | 100} 166 84 81 21 12 13 | 1,186 




















The data in table 5 show the influence of time spent in the digestive 
tract upon the viability of the seeds that passed through it. The 
statistical analyses of the original data from which this table was 
summarized appear in table 6. If these tables are considered together 
it is evident that passage through the digestive tract did not affect all 
seeds in the same way. Although the seeds of most of the species 
lost some of their viability as a result of passing through the digestive 
tract, Bermuda grass seeds actually germinated better for having been 
subjected to the digestive processes for a period up to 6 days after the 
seeds were fed. 

In general, the longer the seeds remained in the digestive tract the 
lower their viability upon recovery. It is evident that some species 
lost their viability more rapidly than others in the digestive tract. 
Table 6 shows that this species X days interaction was highly signif- 
icant. The Johnson grass seeds used in this experiment were old and 
‘low in viability. Since Johnson grass seeds in the first experiment 
germinated after 7 days in the digestive tract, it seems very probable 
that the viability results obtained from the second test were influenced 
by the poor quality of the seeds used. It seems logical to suppose that 
fresh seeds could retain their viability under adverse conditions for a 
longer period than old ones. 

The highly significant cows X species interaction permits some in- 
teresting speculation. Bermuda grass seeds recovered from cow 3 
during the 10 days of the test averaged 13 percent higher in germina- 
tion than Bermuda grass seeds from cow 1 or 2. Since these seeds 
were germinated in the same flat under carefully controlled conditions, 
the differences could not be credited to the germination technique. 
Seeds of the other species lost as much of their viability in passing 
through cow 3 as through the other cows in the test. Evidently the 
digestive processes of the heifers in this test differed enough to have a 
differential effect upon the viability of the ingested seeds of certain 
species. 
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TaB LE 5.—Viability of seeds of several southern grasses and Kobe lespedeza recovered 
daily in feces of 3 Jersey heifers during the 10 days after feeding, March 1945 


{Seeds planted in steam-sterilized soil and allowed to germinate for 6 weeks under optimum temperature 
and moisture conditions in the greenhouse] 





ger- Seeds germinating ane being recovered on day 
o.— 


Species ing 











Per- | Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per- 
cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent 

















Common Bahia grass........-..-..--..... 101+.10) 16). 9 6 4 2 1 1 0 
Common Bahia grass (scarified) -_.._.___. 887 87] 20) 2) 147 i 9 2 1 1 2 
Pensacola Bahia grass ---.......-.---.---- 73 | 37] 30} 86; 26| 15) 12 6 2 5 1 
Pensacola Bahia grass (scarified) -..-._.._- 77; 46| 50| 48] 34) 22) 16] 14 4 3 3 
Is 2h bade ci cd aciccucwucwsass 17 10 4 1 0 0 0 0 0 0 0 
ES EE Pa 62) 7 85 | 83] 82; 79| 70) 61 51 51 46 
oD nnn a arecencumes 43 | 68] 57] 34 28 19| 14 3 7 12 1 
SEE TERR Sea egress 34 | 47) 35 12 6 2 0 0 1 0 0 
POO IBSOUOER | ine apcmaknenadesesace 20 5 7 Z 9] 12) 10 9 7 8 2 
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TaBLE 6.—Analyses of variance of recovery and viability of seeds of several southern 
grasses and Kobe lespedeza passed through the digestive tracts of 3 Jersey heifers, 
March 1945 













Mean square 
jati Degrees of | Of number of of peroetitage 
Source of variation freedom — . — - of soeda 
10,000 fed germinating 
WR Eh Siete fe ele th . wane Lar cuctnamneeeeeebhadauwaqeld 2 184, 645** 78 
ERR EE STRAT OS Sear Mee Mee: & SpA Ene tne nee ea 6 660, 816** 15, 709** 
121s agri Ta tals SESE SEAR Pees BART ie Sas 9| 1,850, 892** 2, 339** 
Cows Xspecies-.-_--- paitce Gren Acbeah- doa okee 12 15, 333 121** 
CowsXdays-_ os 18 227, 963** 67 
Species Xdays vee. 54 71, 372** 265** 
Pe Rea cance eee dengan «penne ion cia elioptieny ds ough sable Glaleeo canes 108 11, 698 35 











** F exceeds the 1-percent level of significance. 


DISCUSSION 


The number of days required to clear grass seeds from the digestive 
tract of a cow is of considerable practical importance. Particularly is 
this true if the seeds consumed are those of weeds that are difficult to 
control. Cattle have been charged with the spreading of Johnson and 
Bermuda grasses. Lawsuits have even been filed against individuals 
pe sold cattle that infested the buyers’ fields with Johnson grass 
seeds. 

It is evident from the results of the foregoing experiments that cattle 
will pass viable seeds of all the species studied for at least a week after 
they have been removed from the source of the seeds. In order to 
prevent cattle from carrying seeds of such plants from one field to 
another, it will be necessary to remove them from the source and give 
them feed known to be free of the seeds for at least 10 days to 2 weeks. 

Carpet grass, an introduced species, is now widely distributed in the 
flatwoods of Georgia and Florida. Since man rarely seeded it in these 
sections the dissemination of the seeds cannot be credited directly to 
him. It is generally believed that cattle have been the principal 
agents of dissemination. The results of the experiments reported 
herein indicate that seeds of the forage grasses which will probably be 














102 Journal of Agricultural Research Vol. 76, Nos. 3, 4 





used in the piney-woods sections for pasture improvement can pass 
through the digestive tracts of cows and germinate in the feces. How 
effective cows may be as agents in disseminating the seeds and estab- 
lishing the new area can only be suggested at this time. The length 
of time during which the grasses produce viable seeds, the palatability 
of the seeds and seedstalks, the range of the animals consuming the 
seeds, the number of defecations of the animals, and the location of 
salt, water, and shade are all factors that will influence the efficacy of 
cows in establishing a new grass. Bahia grass, for example, produces 
viable seeds continuously for approximately 150 days during the year. 
Dukes (4) reported that dairy cows defecate 10 to 24 times daily. 
During a single seed-producing period one cow might be expected to 
defecate from 1,500 to 3,000 times, each dropping carrying viable 
Bahia grass seeds. The presence of the plant food in the feces should 
help to insure the establishment of the grass in each dropping. In the 
cut-over piney woods where water and shade are naturally scattered, 
a good random distribution of the droppings should result from exer- 
cising some care in moving salt boxes. Widely separated strips of the 
Bahia grass established by man at very little cost could serve as a seed 
source for the cattle. It is conceivable that man may come to recog- 
nize the cow as an effective partner in reseeding the cut-over piney 
woods of the Southeast. : 

If it is correct to assume that the seeds not recovered in this experi- 
ment were digested, it may be concluded that the seeds of the forage 
plants considered here do, as suggested in the introduction, contribute 
to the nutrition of the cattle consuming them. These experiments 
suggest, for example, that 88 percent of the lespedeza seeds consumed 
were digested. Yields of 500 to 600 pounds of lespedeza seed per 
acre are not uncommon. Herman and Ragsdale (6) compared finely 
ground Korean lespedeza seed with a mixture of cottonseed and 
soybean meals as the main source of protein for lactating. cows. 
They concluded that the proteins of ground Korean lespedeza seed 
were equal pound for pound to the proteins of a mixture of equal parts 
of cottonseed and soybean meals in the ration of lactating cows. 
Perhaps this helps to explain why cattle fatten well when grazing 
lespedeza in the late summer and fall. 


SUMMARY 


Known quantities of seeds of common, Paraguay, and Pensacola 
Bahia grasses, Johnson grass, Dallis grass, carpet grass, Bermuda 
grass, and common or Kobe lespedeza were fed to mature cows and 
heifers. The seeds of each species recovered at daily intervals and 
the viability of the seeds recovered were determined in two experi- 
ments. 

The majority of the seeds fed were recovered in the second and third 
days, but a few seeds of each species were still being passed 10 days 
after they were fed. 

In most instances the seeds germinated better in washed feces than 
in unwashed. Johnson grass and Bermuda grass seeds germinated 
relatively better in unwashed feces than the other species studied. 
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Statistical analyses of the results revealed that cows that were fed 
the same quantities of seed passed significantly different amounts, that 
seeds of some species passed through the digestive tract more success- 
fully than others, that the quantities of seed recovered from day to day 
differed significantly, and that the seeds of all species did not pass 
through the digestive tract with the same speed. The seeds of the 
small-seeded grasses passed through the digestive tract faster than 
those of the large-seeded grasses. 

Approximately one-half of the Bahia and Bermuda grass seeds fed, 
one-third of the carpet and Johnson grass seeds fed, one-fourth of the 
Dallis grass seeds fed, and one-eighth of the lespedeza seeds fed were 
recovered in a 10-day period. The evidence presented indicates that 
most of the seeds not digested were passed within 10 days after the 
seeds were fed. 

Passage through the digestive tract reduced the viability of the 
seeds of most species in varying degrees but actually induced a greater 
number of Bermuda grass seeds to germinate. 

In general, the longer the seeds remained in the digestive tract the 
lower their viability upon recovery. Seeds of some species lost their 
viability more rapidly than others. 
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